An avidin-biotin immunoperoxidase complex (ABC) immunocytochemical (ICC) stain procedure was optimized for detection of Ehrlichia platys antigens. Positive immunoreactivity was detected with dilutions of canine immune serum on acetone-fixed smears of platelet-rich plasma from E. platys -infected dogs. No E. platys antigens were detected when this ICC stain was applied to frozen or paraffin-embedded formalin-or acetone-fixed tissue sections from dogs with acute E. platys infection. Acetone fixation and freezing preserved ICC staining of ehrlichial antigens in infected blood platelets, whereas formalin treatment of similarly preserved E. platys -infected platelets nullified positive immunoreactivity. Significant E. platys infection of cells and tissues other than platelets may not occur.
Ehrlichia platys is a rickettsial organism that infects canine platelets. 8, 9, 11 Infection results in the appearance of E. platys inclusions or morulae in blood platelets (parasitemia) followed by cyclic episodes of thrombocytopenia that recur at 10-14-day intervals. 1, 8, 9, 11 The thrombocytopenia is regenerative with increased megakaryocytopoiesis in bone marrow and spleen. 2 Subsequent cycles of thrombocytopenia are apparently associated with progressively fewer numbers of ehrlichial inclusions in blood platelets. Infected dogs apparently undergo spontaneous remission. 10 In response to acute E. platys infection, dogs develop hyperplasia of lymphoid tissues and tissue macrophages similar to that in acute E. canis infection." Several organs contain mild hemorrhage and edema, including splenic intrafollicular hemorrhages. 2 The complete tissue and cell tropism of Ehrlichieae is unknown. The blood platelet is the only cell or tissue known to be infected by E. platys, but presence of E. platys antigens in mononuclear phagocyte system tissues of liver, spleen, and bone marrow has been reported in acute infection. 2 Where and how E. platys infection persists in tissues of infected dogs is unknown.
Specific histopathologic localization of Ehrlichieae in tissue using conventional stains is less than satisfactory, and E. platys has not been observed in paraffin sections of tissues from infected dogs. Even if present in blood smears, the platelets with inclusions of E. platys may be difficult to differentiate from platelets with nuclear remnants or coalesced cytoplasmic gran-ules. The avidin-biotin immunoperoxidase complex (ABC) immunocytochemical (ICC) method has been previously used to localize a variety of infectious microorganisms in tissues of infected animals. In an effort to establish a method of detection of E. platys antigens in cells and tissues of infected dogs and to correlate lesion findings with presence of E. platys tissue antigens, an ABC stain technique was applied to blood platelets and organ tissues from dogs acutely infected with E. platys.
Materials and methods
Primary anti-E. platys antibodies. Two different sources of anti-E. platys antibodies were evaluated as ICC primary antibody. Ehrlichia platys antisera were produced in 4 rabbits. The inoculum for rabbits consisted of aseptically prepared, washed, and pulse-sonicated disrupted platelets that contained inclusions or morulae from a dog acutely infected with E. platys. Canine immune sera were collected 30 days postinoculation from 2 dogs experimentally infected with E. platys. l,2 Antisera had specific immunoreactivity to E. platys by indirect immunofluorescent antibody assay 8 and had antibody titers > 1:160.
Sources of anti-E. platys antisera were cross-immunoabsorbed to either autologous or homologous canine platelets and stored frozen at -10 C until used for ICC. All sources of anti-E. platys antibody were serially 2-fold diluted 1:10 through 1:1,280 in sterile phosphate-buffered saline (PBS) (0.9%, pH 7.4) to determine optimum concentration for immunoreactivity.
Cell and tissue preparations. Washed platelet-rich plasma smears of canine platelets containing inclusions and morulae of E. platys were prepared from blood of acutely infected dogs. Presence of E. platys organisms was confirmed in representative Wright's=stained platelet smears examined by light microscopy. Platelet smears prepared from an uninfected healthy dog lacking serum antibodies to ehrlichiae served as an E. platys-negative tissue control. Platelets were diluted in 1.75% bovine serum albumin. Platelet smears were air dried, fixed in cold (4 C) acetone for 10 min, dried, and immediately stored at -70 C until stained by ICC.
Samples of spleen, bone marrow, lymph node, liver, lung, kidney, and skin were obtained from E. platys -infected dogs by collecting each tissue from 1 dog at 1-wk intervals between 7 and 35 days postinoculation (DPI) with E. platys. 2 Tissues were stored as blocks of formalin-fixed paraffin-embedded tissue until sectioned and processed for ICC. In addition, representative samples of organs collected 12 DPI from a dog acutely infected with E. platys were processed for ICC by a variety of methods, including preservation by freezing, acetone, or formalin treatment. Formalin-fixed tissues collected from all study dogs were immersed in 10% phosphatebuffered formalin solution (pH 7.2) for 24 hr at room temperature (22 C). Formalin-fixed paraffin-embedded tissues were processed to unstained tissue sections using a standard procedure. 2 Frozen tissue samples were preserved by snap freezing in liquid nitrogen and were stored at -70 C until sectioned. Frozen tissue sections were fixed in 100% acetone for 10 min at 4 C immediately prior to staining. A third group of representative tissue samples from the same E. platys-infected dog collected 12 DPI were preserved by immersion in 100% acetone for 24 hr at 22 C. 18,23 Acetone-fixed tissue specimens were embedded in paraffin (melting point 56-60 C) a in an automated tissue processor. b Acetone-fixed paraffin-embedded tissues were sectioned (4-5 µm thick) and picked up on glue-coated glass microscope slides the following day, allowed to air dry, and stored (22 C) until application of ICC stain. This method of acetone fixation followed by paraffin embedding of organ tissues has been used to demonstrate E. risticii antigens by ICC in the large intestine of a horse with experimental Potomac horse fever. 19 Immunocytochemistry procedure. Slides were processed for ICC staining by adapting previously described methods. 16 Unstained paraffin-embedded tissue sections were deparaffinized and immediately rehydrated through ethanol to tap water. Slides were rinsed in PBS for 10 min at 22 C between all reagent treatments. Endogenous tissue peroxidase activity was inhibited by incubation of sections in 1.3% hydrogen peroxide in methanol for 30 min at 22 C. Formalin-fixed tissue sections were subjected to titrated trypsin d digestions and 0.1% calcium chloride d following endogenous peroxidase block. 12 Tissues or cells preserved by freezing or acetone fixation were not subjected to trypsin digestion.
In the ABC method, nonimmune serum from the same species used to produce the biotinylated secondary antibody was applied to sections for 20 min at 22 C to reduce nonspecific background staining. Slides were incubated independently with various dilutions of either of the primary antisera overnight (approximately 20 hr) at 4 C. Avidin-biotin complex reagents" were diluted and applied as described. 16 Immunolabeled antigen was identified by enzymatic conversion of the chromogen substrate 3-amino-9-ethylcarbazole (AEC), d and slides were counterstained with methyl green/alcian blue and examined by light microscopy. Nonimmune pooled rabbit serum served as a negative control when substituted for rabbit anti-E. platys serum on platelet smears and tissues from E. platys -infected dogs stained concurrently. Nonimmune canine serum from a healthy dog thatlacked detectable antibody to either E. platys or E. canis served as a control Ehrlichia platys antigens immunolabeled in platelet (arrow) by immunoperoxidase method appear as eccentric circumscribed densely stained area. Other platelets in field are uninfected and lack immunolabel. ABC immunoperoxidase stain, methyl green/alcian blue counterstain.
when substituted for canine E. platys immune sera. Occasionally, controls were prepared by substitution of the primary antibody with PBS. To determine the effects of formalin on E. platys antigens, frozen acetone-fixed E. platys -infected canine platelet smears were postfixed in 10% phosphate-buffered formalin (pH 7.2) for 15 min at 22 C followed by PBS rinse immediately prior to initiation of ABC stain.
Results
Ehrlichia platys antigens were detected in canine blood platelets preserved by freezing and fixing in acetone with an ABC ICC stain. As labeled by the ABC method, E. platys antigens appeared as a single circumscribed usually eccentrically located densely stained red area within platelets (Fig. 1) . Canine E. platys immune serum diluted 1:10 provided most consistent antigen-specific staining of E. platys in canine platelets. Rabbit E. platys antisera likewise labeled E. platys within infected platelets; however, at all dilutions nonspecific staining was difficult to control. Positive immunoreactivity of infected blood platelets was absent when nonimmune serum was substituted for the primary anti-E. platys antisera. Positive ehrlichial antigen immunoreactivity observed in infected platelets as stained with canine antiserum was markedly diminished or blocked when similarly processed (frozen, acetone-fixed) infected platelet smears were postfixed in formalin prior to application of ABC ICC stain. Ehrlichia platys antigens were not detected by ABC technique in spleen, bone marrow, lymph node, liver, kidney, lung, and skin tissue sections from the E. platys -infected dogs by any of the ICC methods of tissue processing evaluated, including preservation by acetone, formalin, or freezing. All inoculated dogs developed E. platys parasitemia and thrombocytopenia. Dogs surviving longer than 17 DPI developed anti-E. platys serum antibodies by indirect immunofluorescent assay.
Discussion
This study examined different methods of tissue processing and sources of primary anti-Ehrlichia antisera for detecting E. platys antigens in cells and tissues from E. platys -infected dogs with an ABC ICC technique. Ehrlichia platys immune canine serum proved effective in the ABC technique for detection of E. platys antigens in frozen acetone-fixed infected canine blood platelets. Rabbit anti-E. platys polyclonal serum produced a greater degree of nonspecific platelet-associated background staining probably due to the high degree of accompanying antiplatelet antibodies. A series of density-specific centrifugations following sonification, for separation of ehrlichiae from platelets similar to techniques used for E. risticii prior to production of rabbit antiserum, 15 may improve this method of anti-Ehrlichia antibody production.
Failure to detect ehrlichiae antigens by ABC staining of tissues other than platelets from dogs acutely infected with E. platys may result from lack of organ infection, lack of sufficient antigen in the tissues, or denaturization or masking of the antigens during the fixation process. 3, 4, 6, 21 Tissues may lack E. platys antigens because there is limited tissue tropism and cells other than platelets are not infected by E. platys. Morphologic studies of E. platys infection have not definitively documented infection of cells other than platelets, 2,11 even though some evidence suggests such infection may occur (unpublished data). Even if E. platys does infect cells other than platelets, a minimal quantity of organisms in tissues is probably necessary to stain by ICC, 13 and this critical tissue mass of infectious ehrlichiae may not be achieved in infected dogs.
Antigens of E. platys were not detected by the ABC method in cells or tissues from infected dogs that had been fixed in 10% phosphate-buffered formalin solution or in organ tissues preserved by acetone or freezing. Preservation of tissue antigen immunoreactivity is critically dependent on fixation. 3 Most T-or B-cell specific surface antigens, 22 canine paramyxovirus antigens, 4 and others are inactivated by fixation in formalin or other aldehyde fixatives. 6 Formaldehyde readily reacts with functional groups of biological macromolecules creating less reactive groups through intramolecular and intermolecular cross links. 7 Fixatives can also reduce tissue permeability for antisera. 3 Formalin inactivation or masking of E. platys antigens was demonstrated in this experiment by postfixing frozen acetone-fixed smears of E. platys -infected platelets in formalin. Positive E. platys immunoreactivity demonstrated in known infected cells by ABC stain was abolished in similar infected cells by exposure to formalin prior to application of ABC stain. Another Ehrlichieae, E. risticii, also has variable immunolabeling by ICC of formalin-treated tissues under some circumstances. 19, 20 Treatment of paraffin-embedded formalin-fixed tissues with trypsin prior to application of immunofluorescent microcscopy 12, 21 and ICC 5, 16 reagents has resulted in the unmasking of some formalin-inactivated tissue antigens. Ehrlichia platys -infected formalin-fixed tissues from acutely infected dogs used in this study were subjected to a variety of treatments with trypsin. Trypsinization failed to return any formalin-fixed tissue antigens that may have been present to a structure recognizable by the primary antibodies tested. In some cases, formalin-altered antigenicity has been unmasked by treatment of tissues with other proteases either alone or in combination with trypsin. Formalinfixed tissues were not treated with any other protease solutions in this study. The possibility that trypsin itself inactivates antigen 4 was controlled indirectly by lack of anti-E. platys immunostaining through the application of the ABC stain to frozen and acetone-fixed tissue sections that had not been subjected to trypsin digestion. An additional study is needed to determine if shorter treatment with formalin or combinations of fixation and enzymatic or nonenzymatic tissue treatment 14 will provide a method of E. platys antigen localization in routinely processed tissues.
Moreover, these findings and others 2,11 suggest that significant infection of organs and tissues other than platelets by E. platys is unlikely. Because the majority of tissues examined in this study were formalin-fixed, however, and because formalin inactivates E. platys antigens, additional studies of peracute/acute infection using E. platys antigen preservation techniques such as the acetone fixation described are needed to determine whether or not E. platys cell tropism is strictly limited to blood platelets.
Light microscopic demonstration of E. platys inclusions or morulae within infected platelets is the only currently practiced laboratory method for the diagnosis of acute E. platys infection. Anti-E. platys serum antibodies are not reliably detectable by immunofluorescent assay until at least 14-19 days postinfection. 2, 8 Difficulty frequently occurs in diagnoses performed by identification of infected platelets in blood smears because of variable platelet granule morphology or arrangement or the presence of megakaryocyte nuclear remnants (personal observations). This ICC method of E. platys antigen localization is specific and provides a means for distinguishing with the light microscope 11. Harvey JW, Simpson CF, Gaskin JM: 1978, Cyclic 
